Eight new Schiff bases of 5-nitro and 5-bromo-substituted 1,10-phenanthroline-2,9-dicarboxaldehydes with sulfur-containing amines, thiosemicarbazide, S-alkyl/aryl dithiocarbazates and 2-mercaptoaniline have been synthesized and characterized by a variety of spectroscopic methods. The condensation reactions of the dialdehydes with the amines were carried out both in the presence and absence of conc. sulfuric acid. A significant increase in yield of the Schiff bases was observed when the reactions were carried out in the presence of sulfuric acid.
Introduction
Recently, nitrogen and sulfur-containing organic chelating agents such as the Schiff bases derived from 2,9-dimethyl-1,10-phenanthroline dialdehyde and sulfur-containing amines and their metal complexes have received considerable attention because of their important roles in synthetic and medicinal chemistry [1] . By properly designing this type of compounds and studying their structure-activity relationships, potentially useful antibacterial, antifungal and anticancer agents can also be synthesized [2] . 2,9-Dimethyl-1,10-phenanthroline and its derivatives from which 2,9-dimethyl-1,10-phenanthroline dialdehydes are prepared, are themselves important ligands for complexation with many metal ions [3] . This property has made them important in different areas like self-assembly and catalysis. It has also played a significant role in both analytical and preparative coordination chemistry as well as in the preparation of many mixed-ligand complexes [4] .
Although a large number of Schiff bases containing "hard" nitrogen and "soft" sulfur donor atoms have been synthesized using S-alkyl/aryl dithiocarbazates and heterocyclic aldehydes and ketones, which are able to form stable complexes with a variety of metal ions [5] , less work has been reported on Schiff bases formed by condensation of 1,10-phenanthroline dialdehydes with sufurcontaining amines such as S-alkyl/aryl dithioicarbazates, thiosemi-carbazide and aminobenzenethiol.
In view of the importance of Schiff bases derived from 1,10-phenanthroline dialdehyde and sulfur-containing amines in coordination chemistry and biology, we report here the synthesis and characterization of eight new Schiff bases formed by condensation of 5-nitro-1,10-phenanthroline-2,9-dialdehyde and 5-bromo-1,10-phenanthroline-2,9-dialdehyde with different types of sulfurcontaining amines.
General Methods and Procedures
HPLC grade solvents were used in all the reactions. The conventional method of synthesis of the Schiff bases involves refluxing the reaction mixture containing the dialdehydes and amines for 1 hour followed by filtration of the solid products using suction filtration.
In all the reactions, 2 -3 drops of conc. sulfuric acid were used. The solid product that had formed was filtered off using suction filtration. All the NMR data
Synthesis
We have previously reported the preparation, characterization and X-ray structures of different types of Schiff bases derived from 1,10-phenanthroline [6] . Now we report here the synthesis and characterization of eight new Schiff bases formed by condensation of the 5-bromo-and 5-nitro-substituted phenanthroline dialedhydes with amines containing thione or thiol sulfur donor atoms in their backbones. All the compounds have been structurally characterized by different spectroscopic methods.
3.1. Synthesis of 5-Nitro-1,10-Phenanthroline-2,9-Dicarboxaldehyde from 5-Nitro 2,9-Dimethyl-1,10-Phenanthroline 5-Nitro-2,9-dimethyl-1,10-phenanthroline (2) was synthesized from 2,9-dimethyl-1,10-phenanthroline hemihydrate (1) following a previously reported procedure (Scheme 1) [7, 8] . The yield of the compound was found to be the same as reported in the literature. The crude product was purified by chromatography using combi flash (ethyl acetate: dichloromethane) to give the pure compound [Y: 70%]. 5-Nitro-1,10-phenanthroline-2,9-dicarboxaldehyde (3) was synthesized from 5-nitro-2,9-dimethyl-1,10-Phenanthroline (2) following a known procedure (Scheme 2) [9] . The yield of the compound was found to be the same as that reported in the literature. The crude product was recrystallized from chloroform and dried under vacuum to give the pure compound [Y: 91%]. The previously reported procedure [3] involving three steps, was also used here to synthesize 5-bromo-2,9-dimethyl-1,10-phenanthroline (6) from 2,9-dime-thyl-1, 10-phenanthroline (1) (Scheme 3). The yield of the compound was found to be the same as that reported in the literatures procedure. [Y: 85%].
5-Bromo-1, 10-phenanthroline-2,9-dicarboxal dehyde (7) was synthesized from 5-bromo-2,9-dimethyl-1,10-phenanthroline (6) following a known procedure [10] (Scheme 4). An increase of reaction time resulted in the increase in the yield of the dialdehyde. The crude product was recrystallized from hot ethanol and dried under vacuum to give the pure compound [Y: 82%]. The reported yield was 62%. 
Synthesis of the Schiff Bases with Thiosemicarbazide
Thiosemicarbazide (4 equiv.) was added to a hot solution of 5-nitro-or 5-bromo-1,10-phenanthroline-2,9-dicarboxaldehyde (1 equiv) in methanol (20 mL) containing 2 -3 drops of conc. sulfuric acid. The solution was refluxed for 1 hr whereupon the reaction mixture was allowed to cool down to room temperature. The product that had formed was filtered off, washed with methanol and dried under vacuum. Recrystallization of the crude product from dichloromethane afforded white crystals (Scheme 5). 
Synthesis of the Schiff Bases with S-Methyldithiocarbazate (SMDTC):
SMDTC was prepared following the procedure of Tarafder, et al. [11] . SMDTC (3 equiv.) was added to a hot solution of 5-substituted (NO 2 , Br) 1,10-phenanthroline-2,9-dicarboxaldehyde (l equiv.) in 20 mL methanol containing 2 -3 drops of conc. sulfuric acid. The solution was refluxed for 1 hr and then allowed to cool to room temperature. The solid product that had formed was filtered off, washed with methanol and dried under vacuum. The crude product was recrystallized from dimethyl sulfoxide to obtain white crystals (Scheme 6). Yields are shown in Table 2 for various reaction conditions.
(2,2')-Dimethyl 2,2'-(5-Nitro-1,10-Phenanthro-line-2,9-diyl)bis(methan-1-yl-1-ylidene)-bis(hydr-azinecar bodithioate)(10):
IR: ν (cm 
Synthesis of th
SBDTC was prepared using a procedure de rieth et al. [12] . SBDTC (3 equiv) was add solution of 5-substituted (NO 2 , Br) 1,10-phenanthroline-2,9-dicarboxaldehyde (1 equiv.) in 20 mL methanol followed by the addition of two drops of acetic acid. The reaction mixture was refluxed for 1 h, then left to cool to room temperature. The product that had formed was filtered off, washed with methanol and dried in vacuum. White crystals of the compound were obtained by recrystallizing the crude product from dimethylsulfoxide (Scheme 7). Yields with and without acid are given in Table 3 
Synthesis of the Schiff Bases with 2-Mercaptoaniline
The compound was prepared using the sam as described in 3.3, using 2-mercaptoanilin 5-substituted (NO 2 , Br carboxaldehyde (1 equiv.). 
Conclusion
Eight new Schiff bases of 5-nitro-and 5 9-dimethyl-1,10-phena taining amines hav addition of conc. H 2 SO 4 to the reaction mixtures has a significant effect on the yields of the products. We tried to do the reaction without acid because of the possibility of forming salts by the protonation of nitrogen atoms of the phenanthroline moiety which might cause lower solubility of the Schiff bases. However, it was observed that the yield increased significantly when the reaction was carried out under mild aicidic conditions. This is due to the fact that protonation of the carbonyl group (C=O) enhances the nucleophilic attack by an anion. Also, reaction time was reduced significantly compared to that reported in the previous work, probably because of the presence of the substituted group in the 5-position in the phenanthroline moiety.
